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Paternal genome undergoes dynamic chromatin remodel-
ing after fertilization. The first event is the exchange of
protamines with maternally deposited histones including
H3.3. Although HIRA has been shown to be responsible
for H3.3 deposition in invertebrates, whether such func-
tion is conserved in vertebrates is not known. Further-
more, the biological significance of the protamine-histone
exchange is also unknown. To address these questions, we
depleted the maternal pool of HIRA protein by using an in
vitro oocyte growth system where siRNA is injected into
small growing oocytes with surrounding granulose cells.
In HIRA-depleted zygotes, H3.3 is not incorporated into
the paternal genome while protamines are removed, indi-
cating that protamine-removal is uncoupled from H3.3
deposition. Inhibition of H3.3 deposition prevents the de
novo nucleosome assembly and the formation of paternal
pronucleus. Immunostaining of nuclear envelope compo-
nents revealed the lack of Lamin B1 and nuclear pore
complex assembly and the defect in flattening of endoplas-
mic reticulum (ER) sheets, the precursor of nuclear envel-
ope, only in the paternal genome of HIRA-depleted
zygotes. Furthermore, the HIRA-depletion prevented the
localization of Ran, a GTPase required for ER fusion, in
the paternal genome. Together, our results not only pro-
vide the first direct evidence that HIRA is responsible for
H3.3 deposition of the paternal genome in vertebrates, but
also suggest that HIRA-mediated nucleosome assembly is
a pre-requirement for the recruitment of factors, such as
Ran GTPase, involved in ER flattening and nuclear envel-
ope formation during de novo paternal pronucleus
formation.
Author details
1Howard Hughes Medical Institute, USA.
2Program in Cellular and Molecular
Medicine, Boston Children’s Hospital, USA.
3Department of Genetics &
Pediatrics, Harvard Medical School, 200 Longwood Avenue, Boston, MA
02115, USA.
Published: 18 March 2013
doi:10.1186/1756-8935-6-S1-O5
Cite this article as: Inoue and Zhang: HIRA-mediated H3.3 deposition is
required for de novo paternal nuclear envelope formation in mouse
zygotes. Epigenetics & Chromatin 2013 6(Suppl 1):O5.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit 1Howard Hughes Medical Institute, USA
Full list of author information is available at the end of the article
Inoue and Zhang Epigenetics & Chromatin 2013, 6(Suppl 1):O5
http://www.epigeneticsandchromatin.com/content/6/S1/O5
© 2013 Inoue and Zhang; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.